The more important methods used and the problems involved in the estimation of bilirubin in serum have been adequately reviewed in recent times by Lemberg & Legge (1949) and by King & Coxon (1950) . The methods are of two types: those based essentially on the original van den Bergh technique for the so-called 'indirect reaction ' (Thannhauser & Andersen, 1921; Haslewood & King, 1937) , and those which promote coupling between van den Bergh reagent and bilirubin without precipitation of proteins. In the latter type, special catalysts or accelerators are employed, e.g. sodium benzoate and caffeine (Jendrassik & Cleghorn, 1936) , urea and caffeine (Rappaport & Eichhorn, 1943) , thereby avoiding the use of alcohol or other protein precipitants. Alternatively, alcohol is used in relatively low concentration in the presence of diluted serum in such a way that no precipitation occurs (Malloy & Evelyn, 1937) .
The main defect of the first type of method lies in the fact that, in the course of protein precipitation and its subsequent removal, considerable loss of either bilirubin or azobilirubin is incurred. On the other hand, methods of the second class suffer from the fact that the clarity ofthe final coloured solutions leaves much to be desired. In some cases, indirect bilirubin fails to react completely in a reasonable space of time (Gray & Whidborne, 1946) . King & Coxon (1950) , dissatisfied with the performance of the non-precipitation methods, have reverted to the original type ofprocedure with a modification which employs a higher dilution of serum and reagents in the presence of ethanol than is customary, thereby minimizing the loss of azobilirubin.
We have investigated the van den Bergh reaction to see whether we could arrive at conditions whereby real clarity could be achieved in the final solution prepared for colorimetric analysis without recourse to any step involving separation of proteins, and at the same time utilize a reaction which would proceed rapidly to completion in all types of case, no matter what the form of bilirubin present.
Rapid coupling of indirect bilirubin with the diazo reagent is achieved by use of urea-ethanol solutions in conditions which introduce only slight opacity, representing a very small ddgree of protein precipitation. This cloudiness completely disappears when concentrated phenol solution is added. Employment of phenol in connexion with the development of a diazo colour requires considerable care. Regard must be paid to the necessity of inactivating the excess of diazo reagent before the phenol is added, and also to avoidance of the formation of any pink oxidation product from the phenol used.
Following the observation of Lees (1950) that azide would react with the diazonium component of the Griess-Ilosva reagent to diminish the colour intensity produced by subsequent coupling with 1-naphthylamine, azide was tried as a simple means of inactivating excess of the van den Bergh reagent and was found highly effective. The addition, therefore, of a trace of azide, and the removal of excess of nitrous acid by the usual sulphamate addition, overcome the objections to the introduction of phenol into the van den Bergh reactions, and allows the completion of a method which in practice has proved satisfactory in its application to all clinical cases so far investigated.
METHOD

Reagents
Diazo reagent. Solution A, 1 g. of sulphanilic acid in 1 1. 0-175N-HCI. Solution B, 0 5 g. NaNO2in 100 ml. of aqueous solution. 10 ml. of A are mixed with 0 3 ml. of B. After 5 min. 1 ml. of 1-5% (w/v) ammonium sulphate is added, and the reagent used after standing a minimum of 3 min. A corresponding 'blank' reagent is made by substituting distilled water for solution B in the dizao reagent.
Ethanol-urea 8olution. With the aid of heat, 25 g. of urea (A.R.) are dissolved in 100 ml. of 85 % (v/v) 
Procedure
In each of two glass-stoppered test tubes of 10 ml. capacity place 0 5 ml. of serum. To the first add 0 5 ml. of van den Bergh diazo reagent-sulphamate solution, and to the second, add 0 5 ml. of the corresponding blank reagent. Place both tubes in a beaker containing ice-cooled water.
Add to each 2-2 ml. of ethanol-urea solution, followed by 0-2 ml. of CHC13. Mix and keep ice-cooled for 10 min. Add a tiny fragment ofazide (about 0-2 mg.) to Where the serum bilirubin exceeds 8 mg./100 ml. the determination is repeated using serum suitably diluted with acid buffer.
Calibration
Pure bilirubin (Hoffman-La Roche) was used as, the standard preparation for callbration purposes. Compared with other readily available commercial samples, it had a
approximately equivalent bilirubin concentration, using on the one hand a water blank and on the other a yellow blank prepared as indicated in the above procedure. It is shown that a close identity exists between the corresponding curves of these two charts. higher chromogenic power, which could not be increased by attempts at further purification using chromatographic methods and recrystallization. Moreover, it was previously used in this type of work and found satisfactory by earller workers (Malloy & Evelyn, 1937; Gray & Whidborne, 1946) . Pure bilirubin (10 mg.) was dissolved in 100 ml. of CHC13, and graded dilutions in CHCl3 were prepared from this stock.
The technique used in calibration was exactly the same as for the test method, except for using 0-2 ml. of bilirubin solution in place of the pure CHCl3 and acid citrate buffer in place of serum. Fig. 1 shows the relation between colour density and concentration of bilirubin. Because 
RESULTS
The reproducibility of results with sera was examined by the performance of a series of five estimations on an individual sample. The following values by the routine method were obtained: 3-32, 3-25, 3 36, 325, 3-32 mg. bilirubin/100 ml., giving a mean Time factor in colour development. In order to value of 3*30 mg./100 ml. and a standard deviation determine the time required for full development of from the mean of 0*03 mg./100 ml.
colour under the conditions of the test, a number of Recoveries. The percentage recovery was estimated by adding known amounts of bilirubin in the form of chloroform solution to the serum mixture. This addition can be done at any stage up to and including the application of the urea-ethanol solution. Selected sera containing negligible amounts of bilirubin (less than 0.1 mg./100 ml.), and also normal sera, were used. The results are shown in Table 1. estimations on different types of jaundiced sera were made, allowing varying intervals between the addition of the urea-ethanol and that of the azide. Table 2 records some typical results, which show that a 10 min. period is adequate for the full reaction to take place.
A number of jaundiced sera were examined, using as diluents the citrate buffer on the one hand and serum containing a negligible amount of bilirubin on the other. The data in Table 3 show that concordant estimations are obtained at widely differing dilutions, and that the buffer does not introduce error in the final values when replacing serum.
Analytical data are presented in Tables 4 and 5 to show the general relationship of the results obtained (1947) to have an accelerating action upon indirect bilirubin, and it can be safely used up to the concentration employed in the present method, though greater concentrations impede the reaction. Moreover, the denaturation effect on the serum protein of urea-ethanol is different from that of ethanol alone, for any precipitated protein formed at that stage is more readily dissolved in the phenol solution used later. The ethanolic concentration present at the colour-development stage is well in excess of 50 % and therefore adequate according to our own experience and that of Malloy & Evelyn as to the requisite minimum ethanol concentration for full colour production. In all cases that have been investigated a 10-min. period has been found ample for maximum colour development. The neutral citrate solution added prior to the phenol solution could be omitted in dealing with the great majority of sera, but, in its absence, some specimens of exceptionally low buffering capacity tended to give colours of a slightly bluer tint than did normally buffered sera, and the results were, therefore, rendered less reliable. Similarly, the addition of the pure chloroform might also be considered dispensable in a general way. It has been retained throughout, not only because it accurately balances in the estimation the conditions of the calibration method, but because, with specimens that are lipaemic, its presence gives arather brighterfinal solution.
In that strong phenol solutions require special care in handling, alternative reagents that have a marked solvent effect upon protein, e.g. concentrated thiocyanate and aqueous urea, have been examined, but have been found less effective in providing high clarity than phenol.
Methanol has also been investigated as an alternative to ethanol in the urea-ethanol solution. As in 'VoI. 52 the Malloy & Evelyn (1937) (Moreland, O'Donnell & Gast, 1950) and rather less protein precipitation in the colour development stage, but offers no advantage in reaching final clarity.
While serum is preferred for this form of analysis, plasma can be used with almost the same precision in the estimations. There is a tendency for the final solution in the case of plasma to have a very slightly lower degree of optical clarity. This is balanced by the corresponding blank solution, so that the colorimeter readings are not affected, and in general the solutions with plasma are clearer than those obtained by other non-precipitation techniques which use only serum.
In regard to the comparative results of the three methods employed, it is scarcely to be expected that they should provide identical results. Although the Malloy & Evelyn method and the present method are fundamentally the same in that neither entails loss by separation of protein, the calibration method is a little different in the two cases. Malloy & Evelyn standardize with pure bilirubin solutions without relation to blanks incorporating unchanged bilirubin, whereas the unchanged pigment necessarily appears in the blanks corresponding to the serum tests. In the present method, unchanged bilirubin appears in both the blank of the standardization technique and that of the test.
The King & Coxon method does not involve any blank preparation either in calibration or in serum analysis, for the precipitation of protein takes with it any constituent likely to give an appreciable degree of light absorption other than that due to azobilirubin. In a blank designed to run parallel with their rest method, a high proportion of unchanged bilirubin is absorbed on the protein precipitate, so there cannot in practice be a blank comparable to that employed in the present method.
These considerations would always account for minor differences in the values obtained by the different methods, but reference to Table 4 shows that, while closely comparable results are obtained between the present method and that of Malloy & Evelyn, the King & Coxon method often gives figures in the direct-reacting sera which lag substantially behind. They represent, however, a much nearer approach to the figures of the non-precipitation methods than those obtained by earlier precipitation techniques, for losses of up to 50 % of colour were encountered in the method of Haslewood & King, when that was compared with the Malloy & Evelyn procedure (Gray & Whidborne, 1946) . In the case of indirect-reacting sera, the results of King & Coxon and those of the present method are seen to be in closer agreement. The main advantages of the present method over that of Malloy & Evelyn are that the final colour is observed in clearer solution, and that, for a given concentration of serum bilirubin, the colours are much more intense, enabling more accurate readings to be made at much lower levels of bilirubin concentration. The method is, therefore, especially well suited to studies such as those of bilirubin threshold, and of the removal from the blood of injected bilirubin. In conjunction with appropriate precipitation methods, it is likely to facilitate further investigation into the cause of discrepancies which exist between the results of the two types of method of estimation. It may also be easily adapted to provide the means of following the rates of reaction of the different types of bilirubin present simultaneously in blood, and thereby contributed further to the understanding of the physico-chemical nature of the circulating bilirubin. SUMMARY 1. A method is described for determining bilirubin in serum which does not involve separation of protein. Colour is developed by the van den Bergh reagent in the presence of a urea-ethanol solution, and clarity achieved by use of phenol, following the inactivation of excess diazonium compound.
2. The results achieved by the present method are in closer alinement with those of Malloy & Evelyn (1937) than with those of King & Coxon (1950) .
3. As compared with the method of Malloy & Evelyn, the present technique is capable of giving greater accuracy at low bilirubin levels.
We 
